Background: Pouchitis occurs in approximately 50% of patients with ulcerative colitis after ileal pouch-anal anastomosis (IPAA) but the pathogenesis
U lcerative colitis (UC) is a chronic nonspecific inflammatory disease of the colon and rectum. It is reported that 20%-30% of patients with UC required surgical intervention. 1 Between 4% and 9% of patients with UC require proctocolectomy within the first year of diagnosis. 2 Ileal pouch-anal anastomosis (IPAA) has become the standard treatment for patients with UC, which is used to restore gastrointestinal continuity after surgical removal of the colon and rectum, not only removing the target organ of the disease but also avoiding lifelong ileal stoma, effectively improving the quality of life of patients with UC.
Several complications can occur after IPAA, with ileal pouchitis being the most common. 3 At present, there are many clinical studies on the treatment of pouchitis, but there are few basic experimental studies on its pathogenesis. In 2002, Shebani et al 4 successfully established pouchitis in a rat model of IPAA for the first time. The researchers demonstrated that a suitable model of ileal pouchitis could be induced with a short course of oral administration of 5% dextran sulfate sodium (DSS) to SpragueDawley rats.
Integrity of the intestinal barrier plays a crucial role in maintaining homeostasis of organisms and preventing disease. 5 This study established a rat model of ileal pouchitis induced by 5% DSS using a microsurgical technique. Histological changes and general conditions were used to determine that the pouchitis model was successfully established. Occludin and D-lactate were measured to evaluate damage to the intestinal barrier. Myeloperoxidase (MPO) and inflammatory cytokines were measured to establish the degree of the inflammatory reaction. Additionally, the influence of antibiotics on the intestinal barrier was examined. This series of studies explored changes to the intestinal barrier with ileal pouchitis and the mechanisms behind the condition.
MATERIAL AND METHODS

Animals
All experiments were performed in accordance with international guidelines on animal research and ethics.
Specific pathogen-free male Sprague-Dawley rats (Laboratory Animal Center of the Military Medical Science Academy of the People's Liberation Army, China) weighing approximately 300 to 320 g were used. Rats were housed separately under experimental conditions (12-h light/dark cycle and constant room temperature of 258C) and supplied with standard rat chow and running water ad libitum. Rats were allowed to acclimatize to their surroundings for 1 week before being randomly divided into 3 groups: DSS, IPAA, and Sham (n ¼ 6 per group). DSS and IPAA groups underwent the IPAA procedure. Rats in the IPAA group were given normal water ad libitum, and those in the DSS group given oral 5% DSS ad libitum for 4 consecutive days from the 31st day postoperation. The Sham group had switch abdominal surgery and normal water ad libitum.
When pouchitis was induced by DSS, levofloxacin intervention (LI) and nonintervention (NI) subgroups (n ¼ 6 per group) were also established. The LI group underwent oral gavage with levofloxacin 40 mg$kg 21 $d 21 since the 35th postoperation, and the NI group had no intervention in the acute phase of pouchitis for 1 week.
Sample Collection
Weight changes, hematochezia, and fecal scores during the experiment were observed and recorded. All rats in the IPAA, DSS, and Sham groups were simultaneously killed under anesthesia at the 35th day postoperation. Rats in the LI and NI groups were killed at the 42nd day postoperation when the rats in the LI group had been treated with levofloxacin for 1 week. Blood samples were taken from the abdominal aorta to evaluate concentrations of plasma D-lactate.
The terminal ileum from the Sham group and the ileal pouch and proximal ileum from the IPAA and DSS groups were obtained and washed with ice-cold saline for histological assessment and the following further experiments. Half the specimens were fixed in 10% neutral formalin solution for histological assessment and immunohistochemistry, and the other half were immediately frozen in liquid nitrogen and stored at 2808C for real time-PCR investigation. Pouch tissue from LI and NI subgroups was used to test for occludin and inflammatory factors.
General Conditions and Histological Assessment
Weight changes and hematochezia were recorded during the experiment. Fecal scoring was evaluated according to the criteria described by Drzymala-Czyz et al 6 [(1) lack of stool; (2) diarrhea; (3) blob of stool; (4) textured stool; (5) normal stool].
Parts of the specimens were fixed in 10% neutral formalin, dehydrated in a series of ascending concentrations of alcohol, and cleaned in xylene before being embedded in paraffin. Hematoxylin and eosin staining was performed and samples were analyzed by microscopy. Histopathological scores for each group were evaluated according to the criteria described by Shebani et al 4 and Atila et al. 7 Erosion was evaluated as 0 (negative), 1 (focal erosion+), 2 (erosion observed in many regions), or 3 (extensive erosion). Ulceration was evaluated as 0 (none), 1 (focal ulceration of the mucosa at half the superficial regions), 2 (total mucosal ulceration at multiple foci), or 3 (extensive mucosal ulceration extending to the muscularis mucosa or beyond). Intraepithelial inflammation was evaluated by counting the number of lymphocytes in 100 epithelial cells at the tips of the villi. Villous atrophy was evaluated as 0 (none), 1 (mild), 2 (moderate), or 3 (severe, villous flattening). Edema at the lamina propria was evaluated as 0 (none) or 1 (positive). Abscess formation and submucosal inflammation were evaluated. Histopathological scores for each animal were summed.
Immunohistochemistry
Another part of the fixed sample was applied for immunohistochemistry to assess the expression of MPO and occludin protein with rabbit antioccludin (bs-10011R; Bioss, Beijing, China) and rabbit anti-MPO (PB0072; Boster, WuHan, China) using the streptavidin-biotin complex technique (Boster). The color reaction was performed for 1 to 3 minutes using a vector DAB substrate kit (Boster). The double-blind method was used to estimate the results of staining by 2 pathologists. Staining results were scored according to the following criteria 8, 9 : (1) percentage of positive cells in tissue: 0 (0%), 1 (1%-10%), 2 (11%-25%), 3 (26%-50%), 4 (51%-75%), or 5 (76%-100%); and (2) signal intensity: 0 (no staining), 1 (weak staining), 2 (moderate staining), or 3 (strong staining). The immunoreactivity score was calculated by multiplying the score for the percentage of positive cells by the intensity score.
Plasma D-lactate Assessment by Colorimetry
The plasma D-lactate concentration of each group was detected using a D-lactate detection kit (Shanghai Westang Bio-tech Co., Ltd, Shanghai, China). Following a series of descending concentrations of standard D-lactate solutions, final concentrations of each standard product were 5, 2.5, 1.25, 0.625, 0.312, 0.156, 0.078, and 0 mmol/L. A1 and A2 absorption values were calculated and the absorption value was determined by subtracting A1 from A2. One drawing is made with standard concentration as abscissas and absorption values as ordinate, according to the absorption values of each sample, to find the corresponding D-lactate concentration on the curve.
Quantitative Reverse Transcription PCR
Total RNA from specimens was isolated using an RNA extraction kit (Tiangen, Beijing, China). The RNA concentration was determined by the ratio of absorbance at 260 nm compared with the absorbance at 280 nm. Total RNA was reverse transcribed to cDNA in a reaction mixture with oligo d(T)15 primer, deoxyribonucleoside triphosphate, RNase-free double distilled water, 5 · first-strand buffer (containing dithiothreitol), RNasin, and TIANScript M-MLV (200 mm/mL). Amplification conditions were: 1 cycle for 15 minutes at 958C, 40 cycles for 10 seconds at 958C, and the annealing stability reaction for 20 and 30 seconds at 728C, and 1 second at 828C. After cycling for 3 minutes at 688C, the melting curve was drawn at 958C. The RNA primers (Beijing Ao Ke Wei Ye Technologies Co., Ltd, Beijing, China) used were as follows: interleukin-1b (IL-1b), forward primer 5 0 -AATGCCTCGTGCTGTCTGACC-3 0 and reverse primer 5 0 -GTGGGTGTGCCGTCTTTCATCA-3 0 ; IL-6, forward primer 5 0 -GACTTCCAGCCAGTTGCCTTCT-3 0 and FIGURE 1. A, Weight change curves. Weight decreased until the 10th day in the DSS and IPAA groups and then increased. The DSS group showed a linear decrease after administration of 5% DSS. B, The anus and feces of rats. (a) Sham group was clean, (b) IPAA group with mucus, (c) DSS group with blood, (d) no abnormal changes in feces in the Sham group, (e) loose stools in the IPAA group, and (f) bloody mucopurulent stools in the DSS group. C, (a) The fecal score of the DSS group (1.833 6 0.753) was lower than that of the IPAA group (3.667 6 0.516; P , 0.01) and the Sham group (4.833 6 0.408; P , 0.01). (b) For the pouch, a significantly increased histological score for the DSS group was observed compared with the IPAA group (P , 0.01). In the IPAA (4.833 6 0.408) and DSS (9.167 6 0.753) groups, histological scores in pouches increased significantly compared with the proximate ileum (P , 0.01). There were no statistical differences in ileal scores among Sham, IPAA, and DSS groups (0.000 6 0.000, 0.333 6 0.101, 0.500 6 0.184; P . 0.05). Bars represent mean 6 SD. n ¼ 6 rats per group. Expression of IL-1b, IL-6, IL-10, and TNF-a mRNA was measured using the comparative delta-delta Ct method. R-GAPDH was set as the endogenous control to standardize transcription levels of the inflammatory factors.
Statistics
Statistical analyses were performed using SPSS ver. 19.0, and independent samples t tests or analysis of variance according to data type. Data are presented as mean 6 SD. The a test was set at 0.05, with P , 0.05 considered statistically significant. Correlations were analyzed using Pearson's correlation analysis.
RESULTS
General Conditions and Histological Scores of Rats After the Operation
The mental state of the rats was assessed subjectively by determining their activity as a reflection of vitality. The mental state, the hair color, and the activity of rats in the Sham group were found to be normal. After a slight decrease in weight, rats gained weight steadily and become heavier than before the operation (3.158 6 0.138). In the IPAA group, similar to the Sham group (P . 0.05), weight decreased until the 10th day and then increased (3.283 6 0.112). After administration of 5% DSS, the weight of rats in the DSS group decreased linearly (3.133 6 0.614) (Fig. 1A) . The anus of rats in the Sham group was clean (Fig. 1Ba) , the IPAA group showed mucus (Fig.  1Bb) , and the DSS group was similar to the IPAA group after the operation. On the first day that rats were given 5% DSS solution, 2 rats in the DSS group showed hematochezia and bleeding from the anus. By the fourth day, all rats had hematochezia (Fig. 1Bc ).
There were no abnormal changes in feces of the Sham group (Fig. 1Bd) . Loose stools were observed in the IPAA group (Fig. 1Be) , whereas bloody mucopurulent stools were observed in the DSS group (Fig. 1Bf) . The fecal score of the DSS group (1.833 6 0.753) was lower than that of the IPAA (3.667 6 0.516; P , 0.01) and Sham (4.833 6 0.408; P , 0.01) groups. The score in the IPAA group was lower than that of the Sham group (P , 0.01) (Fig. 1Ca) .
The mucosal surface of the pouch showed no bleeding in the IPAA group (Fig. 2Aa) , whereas the DSS group showed The expression level of MPO in the DSS group was significantly higher than that of the IPAA group (P , 0.01). (b) The expression of occludin in the terminal ileum was higher in the Sham group (0.208 6 0.043) compared with the IPAA (0.122 6 0.034) and DSS (0.062 6 0.021) groups in the pouch (P , 0.01). Expression of occludin in the pouch in the DSS group was significantly lower than that of the IPAA group (P , 0.01). Bars represent mean 6 SD. n ¼ 6 rats per group. significant bleeding from ulcers (Fig. 2Ab) . The complete structure of the epithelium of the small intestines was arranged neatly in the Sham group under microscopic observation, and mucosal surfaces did not show leakage (Fig. 2Ba) . Ileum tissue in the IPAA and DSS groups was similar to that of the Sham group (Fig. 2Bb, Bc) . In ileal pouch tissue, the mucous membrane of the pouch was irregular in structure, disordered in arrangement, and showed a large amount of inflammatory cell infiltration into the central matrix of villi in the IPAA group (Fig. 2Bd ). There were large areas of mucosal coloboma, with ulcers penetrating into the muscular layer in the DSS group (Fig. 2Be) . For the pouch, the histological score significantly increased in the DSS group (9.167 6 0.753) compared with the IPAA group (4.833 6 0.408) (P , 0.01). In IPAA and DSS groups, histological scores for the pouch increased significantly compared with the proximal ileum (P , 0.01). There were no statistically significant differences in ileal scores among the Sham, IPAA, and DSS groups (0.000 6 0.000, 0.333 6 0.101, 0.500 6 0.184; P . 0.05) (Fig. 1Cb) .
Expression of MPO and Occludin Protein
Immunohistochemical staining showed expression of MPO and occludin (Fig. 3A) . Significantly increased expression of MPO was observed in the pouch in the IPAA (3.467 6 0.207) was significantly higher than that of the IPAA (1.037 6 0.108) and Sham (0.310 6 0.029) groups (P , 0.01), whereas that of the IPAA group was significantly higher than that of the Sham group (P , 0.01). Bars represent mean 6 SD. n ¼ 6 rats per group. FIGURE 5. Levels of (A) IL-1b, (B) IL-6, and (C) TNF-a mRNA were significantly higher in the IPAA group compared with the Sham group (P , 0.01). Levels in the DSS group were higher than that of the IPAA group (P , 0.01). D, Transcription levels of IL-10 mRNA in the IPAA and DSS groups were lower than that of the Sham group (P , 0.01), whereas the transcription level in the DSS group was lower than that of the IPAA group (P , 0.01). Bars represent mean 6 SD. n ¼ 6 rats per group. and DSS (8.000 6 0.253) groups compared with terminal ileum tissue in the Sham group (0.600 6 0.179) (P , 0.01). Expression levels of MPO in the DSS group were significantly higher than that of the IPAA group (P , 0.01) (Fig. 3Ba) . The expression of occludin in the terminal ileum was higher in the Sham group (0.208 6 0.043) compared with the IPAA (0.122 6 0.034) and DSS (0.062 6 0.021) groups in the pouch (P , 0.01). Expression of occludin in the pouch in the DSS group was significantly lower than that of the IPAA group (P , 0.01) (Fig. 3Bb) .
Concentration of Plasma D-lactate
The D-lactate standard solution level showed a standard curve (Fig. 4A) . The concentration of plasma D-lactate in the DSS group (1.865 6 0.159) was significantly higher than that of the IPAA (1.037 6 0.108) and Sham (0.310 6 0.029) groups (P , 0.01), whereas that of the IPAA group was significantly higher than that of the Sham group (P , 0.01) (Fig. 4B ).
Transcription Levels of IL-1b, IL-6, TNF-a, and IL-10
The results of real time-PCR showed that levels of IL-1b, IL-6, and TNF-a mRNA were significantly higher in the IPAA group compared with the Sham group (P , 0.01). Levels in the DSS group were higher than those in the IPAA group (P , 0.01). Transcription levels of IL-10 mRNA in the IPAA and DSS groups were lower than that of the Sham group (P , 0.01), whereas the transcription level in the DSS group was lower than that of the IPAA group (P , 0.01) (Fig. 5) .
Weight, MPO, and Inflammatory Cytokines in the NI and LI Subgroups
After treatment with levofloxacin, weight decreased until the third day after DSS discontinuance in LI and NI subgroups and then increased. The rat weight in the LI subgroup increased slightly faster than that in NI subgroup (Fig. 6A) . Expression of occludin protein in the LI subgroup increased, but the same was not observed in the NI subgroup (Fig. 6Ba, Bb) . Expression of occludin protein was significantly different between the NI (0.065 6 0.025) and LI (0.102 6 0.031) subgroups (P , 0.05) (Fig.  6Bc) . In the LI subgroup, expression of IL-10 tended to show normal to higher levels compared with the NI subgroup (P , 0.05). Expression of IL-1b, IL-6, and TNF-a in the LI subgroup was lower compared with the NI subgroup (P , 0.05) (Fig. 6C) . 
Correlation Analysis
DISCUSSION
IPAA has become an important surgical choice in the treatment of UC and familial adenomatous polyposis, 10 to not only improve the quality of life but also to reduce permanent stoma and other inconveniences. The cumulative incidence of pouchitis in patients with UC undergoing an IPAA procedure has increased to 50%, 11 but is rare in patients with familial adenomatous polyposis. 12 In the current study, ileal pouchitis in rats that underwent an IPAA was observed as loose stools and mucus from the anus, fecal characteristics that are similar to patients with pouchitis. This experiment followed the report of Shebani et al, 4 which suggested that ileal pouchitis could be induced with a short course of oral administration of 5% DSS to Sprague-Dawley rats at the 31st day postoperation. Although oral 5% DSS will result in a difference in total DSS intake, research has shown that when the total DSS intake reached 38 mg/g, the severity of the inflammatory response was not affected by differences in total DSS intake. 13 Histopathological and general changes showed that the pouchitis model was successfully established in the current study. This model is similar to patients with ileal pouchitis after IPAA.
Under normal circumstances, the intestinal barrier can prevent the body from attack by endogenous microorganisms and their toxins. 14 Impaired or absent intestinal barrier function can lead to an increase in the invasion or absorption of harmful substances, which plays an important role in the occurrence and development of disease. 15, 16 Much research has been conducted on the intestinal barrier in inflammatory bowel disease: Merga et al 17 reported that the mucosal barrier is critically important in the pathogenesis of inflammatory bowel disease; Hering et al 18 suggested that intestinal barrier dysfunction is a main feature of inflammatory bowel disease; and Arslan et al 19 reported an increase in intestinal permeability in patients with UC.
Tight junctions, located between adjacent epithelial cells, are a main component of the intestinal mechanical barrier. They allow for the passage of soluble molecules and ions and prevent entry of pathogens and antigens from the cavity through the mucosal barrier, playing an important role in the maintenance of intestinal mucosal permeability. [20] [21] [22] Occludin is an important membrane protein, which not only closes cell gaps but also regulates tight junctions between cells. 23 Expression levels of occludin in the intestinal mucosa can reflect destruction of the intestinal barrier. 24 Mammals produce little D-lactate. Under normal circumstances, it is difficult for D-lactate to enter the blood through the intestinal mucosal barrier. Only when intestinal barrier function is impaired can intestinal D-lactate be absorbed into the blood. As mammals have no rapid metabolism enzyme system for D-lactate, the amount of D-lactate can be used to evaluate intestinal mucosal permeability changes and the degree of intestinal barrier damage.
In the current study, we found that occludin protein increased progressively in the DSS, IPAA, and Sham groups while D-lactate decreased. We considered that, with a reduction in occludin protein expression, an important mechanical part of the intestinal barrier is damaged, and following this damage to the function of the intestinal barrier, including increased permeability, the concentration of plasma D-lactate increases.
MPO is mainly produced and secreted by neutrophils and monocytes and is a marker of neutrophil activity. 25 It is widely recognized as a marker of inflammatory levels and aggregation of polymorphic cells in tissue. Excess MPO in tissue can catalyze and produce large amounts of oxygen free radicals, which can mediate the oxidation reaction cascade and result in inflammatory tissue injury and autoimmune diseases through changes to DNA and protein molecules. 26, 27 In the current study, the expression level of MPO negatively correlated with occludin protein and positively correlated with the concentration of plasma D-lactate. A possible reason may be because of the large amount of oxygen free radicals catalyzed through the local increase in MPO, which affected occludin protein between intestinal epithelial cells and resulted in damage to the structure of the intestinal barrier, increasing permeability and increasing the concentration of plasma D-lactate. Additionally, through inflammatory tissue damage, MPO produces local proinflammatory factors IL-1b, IL-6, and TNF-a and inhibits IL-10, an anti-inflammatory factor.
Antibiotics can improve intestinal barrier damage caused by pouchitis. Gionchetti et al 28 suggested that bacteria are one of the mechanisms behind pouchitis, and antibiotic therapy is effective. One week after treatment with levofloxacin for pouchitis in the current study, the expression of occludin protein increased, suggesting that levofloxacin can relieve intestinal barrier damage in pouchitis. The observed increase in proinflammatory cytokines and the decrease in anti-inflammatory cytokines lends support to this suggestion.
In conclusion, the increase in proinflammatory factors and the decrease in anti-inflammatory factors in pouchitis result from an enhanced inflammatory reaction, which damages the pouch mucosal barrier and increases permeability. The more severe the inflammation of the pouch is, the more severe is the intestinal barrier damage. It is suggested that therapy that focuses on proinflammatory and anti-inflammation factors may be beneficial for recovery of the structure and function of the intestinal barrier, but this hypothesis requires further study.
